We analyzed the structure of the understory community in the Atlantic Forest sensu lato, for which phytosociological descriptions of the understory are lacking. We delineated 50 plots of 10 × 20 m each at four sites within an Araucaria forest (a subtype of Atlantic Forest), located in the municipalities of Bananal, Campos do Jordão, Itaberá and Barra do Chapéu, all of which are in the state of São Paulo, Brazil. To sample the resident species of the understory, we randomly selected five 1 × 1 m subplots within each plot, resulting in a total sampling area of 250 m 2 at each site. We identified differences among the locations, mostly due to proportional differences in growth forms, in terms of species richness and the importance values within the community. Factors potentially influencing the understory structure include macroclimatic and microclimatic conditions, as well as forest fragmentation, the abundance of deciduous trees in the canopy, the surrounding vegetation and geographic location.
Introduction
The herb, subshrub, shrub, vine, small tree and epiphyte growth forms account for up to 75% of the vascular species richness in tropical forests (Gentry 1990; 1992) . However, most of the published data on the floristic composition, structure and dynamics of Brazilian forests is restricted to the tree layer, and the available data related to the phytogeographic aspects of Atlantic Forest are consequently restricted to those obtained through the analysis of the upper strata of the forest (Meireles et al. 2008; Yamamoto 2009; Bertoncello et al. 2011; Furlaneti 2011; . Therefore, there is a considerable knowledge gap between what is known of the tree layer and what is known of the understory, in terms of composition and structure, in these forests. There is evidence that the understory of the Atlantic Forest creates microclimates, as well as harboring species that are indicators of specific environments, in terms of edaphic and even geographic aspects (Laska 1997; Müller & Waechter 2001) .
The species present in the understory can be divided into two components, which compete for the same resources in the early stages of development (Gilliam et al. 1994) : the resident component and the transient component. The resident species spend their entire lives in the understory, whereas the transient species remain in the understory while young, reaching adulthood in the canopy. The spatial and temporal structure of the forest understory is related not only to abiotic factors, such as light and soil gradients (Meira-Neto and Martins 2003; Rigon et al. 2011) , but also to biotic factors, such as the successional stage of the forest (Rigon et al. 2011 ) and the influence of canopy species. The findings of Souza et al. (2010; indicate that there are plant-plant interactions between canopy and understory species, primarily related to changes in light regimes, to seed dispersal capacity and to allelopathic processes. The authors suggested that canopy species act as "ecological filters", determining, at least in part, the structure and richness of the tree-shrub community in the understory.
In the particular case of the mixed rain forest known as Araucaria forest (a subtype of Atlantic Forest) in Brazil, the few phytosociological studies of the resident community of the understory have been conducted in the southern region, which is considered the core area of distribution of this vegetation type in the country. Specifically, the structure of the herbaceous layer has been evaluated at the Aracuri Ecological Station, in the state of Rio Grande do Sul (Cestaro et al. 1986) , and in the city of Guarapuava, in the state of Paraná (Rigon et al. 2011) . From the southern state of São Paulo and to the north, the Araucaria forest becomes naturally fragmented, present in floristic refugia at high elevations in the Serra do Mar and Serra da Mantiqueira mountain ranges in the states of São Paulo, Minas Gerais and Rio de Janeiro (Klein 1960; IBGE 2012) . Araucaria angustifolia (Bertol.) Kuntze, known as araucaria, Brazilian pine, Paraná pine and candelabra tree, has been recorded only as far north as the Serra do Caparaó mountain range, near the border between the states of Minas Gerais and Espírito Santo (Leite 2000) . For the disjunct fragments of Araucaria forest, there are no data available regarding the structure of the resident community in the understory. To bridge the knowledge gap related to mixed rain forests, data collection has begun in Araucaria forests in the state of São Paulo Ribeiro et al. 2012 Ribeiro et al. , 2013 .
In the present study, we evaluated stretches of forest in the Serra da Bocaina and Serra da Mantiqueira mountain ranges, as well as in the upper basins of the Ribeira and Paranapanema Rivers, all of which are in the state of São Paulo, using the same sampling protocol in all of the areas evaluated. We present the first data for the understory of Araucaria forests in southeastern Brazil, describing and comparing the structure of the understory community at four locations considered representative of the geographic distribution of Araucaria forest in the state of São Paulo. Our analyses were guided by the following questions: "Are there differences in the composition and diversity of species in the understory of different Araucaria forests within the state?"; "What is the relative contribution of each growth form to the species richness of the understory?"; "For the various taxa and growth forms that make up the resident community of the understory, how are the importance values distributed?"; and "Can the phytosociological parameters of the resident community of the understory be used as indicators of the degree of conservation of a given area?"
Material and methods

Study area
The study was conducted in Araucaria forests mapped a priori as natural areas of mixed rain forest in the 2005 São Paulo State Forest Inventory of Natural Vegetation (Kronka et al. 2005) . We selected stretches of forest that we considered representative of the range of environments in which the population of Araucaria angustifolia occurs within the state of São Paulo, in an area of contiguous forest originating in the core area of A. angustifolia occurrence in the state of Paraná to the south, in the upper basins of the Ribeira and Paranapanema Rivers, as well as in disjunct forest fragments in the Serra da Bocaina and Serra da Mantiqueira mountain ranges (Fig. 1) . At all four locations, the climate is temperate, without a true dry season (Köppen climate classification Cfb). The geographic coordinates, climatic aspects and edaphic properties of the study locations are summarized in Tab. 1.
Although it would be desirable to evaluate only old growth communities that are protected from human activity, the fact that the selected areas had a history of varying levels of disturbance, highlighting the precarious state of conservation of Araucaria forests in the state of São Paulo. In the Serra da Mantiqueira mountain range, the study was conducted in Campos do Jordão State Park, which encompasses 8172 ha and is located within the municipality of Campos do Jordão. In Campos do Jordão State Park, the stretches of native Araucaria forest are restricted to valley bottoms, with interfluves occupied by natural grasslands. The sample plots were established along Waterfall trail, which runs along the basin of Galharada creek. Although the study area is within a "conservation unit" (protected area), we observed signs of the presence of cattle from neighboring properties during the field sampling.
In the Serra da Bocaina mountain range, the study was conducted at Bananal Ecological Station, which occupies 884 ha in the eastern portion of the state, in the part of the range known locally as the Serra da Macaca, along the border with the state of Rio de Janeiro. On the basis of information obtained from the staff of this protected area and supplemented by field observations, the Bananal Ecological Station area has been mapped as Araucaria forest (Kronka et al. 2005) . Nevertheless, the stretches studied are in fact secondary forest embedded in a matrix of dense rain forest, which is the predominant vegetation formation in the area. It is possible that the araucarias therein were introduced in the early 1960s, at the time within crop fields and abandoned pasture, set on a hillside with the grade increasing from the bottom to the top. However, the Araucaria forest in the region is mentioned in a historical study (Lutz 1926 ) and natural populations can still be found in Serra da Bocaina National Park. The record of an individual of Podocarpus lambertii (conifer), a species closely associated with Araucaria spp. and observed near the study area is an element that indicates the possible natural occurrence of Araucaria forest in the past (Backes 2009 ), although natural populations of P. lambertii are currently found in the so-called "Bocaina backwoods".
In the upper basin of the Ribeira river, the study was conducted in the municipality of Barra do Chapéu, on a 48-ha tract of private property. The tract comprises a remnant of Araucaria forest that was planted for pasture and has been in natural regeneration for at least 120 years, according to the owner. Despite the small size of the property, the regional landscape is still quite favorable to biodiversity conservation, with about 21% of the municipality covered by native vegetation (Kronka et al. 2001) .
In the upper basin of the Paranapanema river, the study was developed at the Itaberá Ecological Station, located in the municipality of Itaberá. The protected area preserves a remnant of Araucaria forest of approximately 180 ha, surrounded by agricultural crops and urban areas. Unlike the three other study areas, where the topographical conditions (steep mountains) allowed the preservation of extensive fragments in areas unsuitable for agriculture, the upper basin of the Paranapanema river presents a more gentle relief, with hillocks and hills, where agricultural activity is quite intense and there had been considerable extraction of araucaria for timber and pulp production up through the 1960s . The isolation of the protected area in the current landscape is striking, because the remnant vegetation covers only 7% of the city (Kronka et al. 2001) .
Data collection
As previously mentioned, the study sample included only plants that complete their life cycle in the understory and have the following growth habits (definitions adapted from Richards 1996): bamboo-like (plant with a stem; welldefined nodes and internodes; and gemmae at ground level); herb (non-woody terrestrial plant); scandent (vine rooted in the ground and resting on other plants as support); subshrub (small plant with a woody, branching base but with herbaceous branches); shrub (woody plant branching from its base); and small tree (woody plant with a well-defined trunk and reaching reproductive maturity in the understory). Juvenile individuals of canopy tree species-defined here as those with a diameter at 1.30 m (breast height) of ≥ 5 cm-were excluded because they do not complete their life cycle in the understory and are therefore classified as a transient species in the understory. Therefore, the scope of the present study was restricted to the resident community of the understory. However, it should be emphasized that vines can be resident or transient, depending on their upper reach in the forest: there are those who complete the life cycle below the canopy and others who need to reach it for reproduction. Due to the difficulty in distinguishing among these two growth habits, especially in juvenile individuals, we chose to include both vine groups in the inventory. Epiphytes were not included in the sample. However, a number of species traditionally described as epiphytes (Waechter 2009), including some of the genera Asplenium and Peperomia., were recorded as terrestrial species. These are facultative epiphytes, whose occurrence on the forest floor might be related to the fall and subsequent decomposition of a part of the host tree or even to conditions conducive to their establishment on the forest floor.
Data collection was carried out in permanent plots that had been established at four locations for sampling of the tree component Ribeiro et al. 2013) . At each location, we established 50 contiguous plots of 10 × 20 m, totaling 1 ha, with the exception of the Bananal location, where the limited size of the stretch of Araucaria forest allowed the establishment of only 43 such plots, totaling 0.86 ha. For sampling the understory, we established five 1 × 1 m subplots within each 10 × 20 m plot. The positioning of the subplots was defined by random selection of the coordinates x and y, based on the upper left vertex (origin -0,0), the 20 m Ribeiro et al. 2013; Seibert et al. 1975; and 10 m sides of the larger plot (x and y axes, respectively) forming a Cartesian axis and serving as a reference (Fig. 2) . We sampled all plants that had rooted within the subplots. For herbs, bamboo-like plants, subshrubs and vines, we annotated species and cover values, estimated with the Braun-Blanquet scale at values from 0 to 5 (Müller-Dombois & Ellenberg 1974) . The total plant cover on the soil of this community was obtained by substituting the cover values of the species per subplot with the corresponding percentage, based on the Braun-Blanquet scale score (0 = 0%; 1 = 10%; 2 = 15%; 3 = 25%; 4 = 50%; and 5 = 75%), and then calculating the relative area occupied by the community in the subplot and the corresponding value for the sample as a whole. For shrubs and small trees, we noted the species and recorded the number of woody plants taller than 30 cm with a circumference at breast height < 15 cm.
The floristic survey was complemented by the collection of reproductive material from species observed in the surrounding area, whether or not those species were present in the phytosociological inventory of the subplots. The material was characterized morphologically and identified by means of comparisons with material in the collection of the Dom Bento José Pickel Herbarium of the São Paulo State Forestry Institute (code, SPSF), by consultation with experts and by reference to the literature. The fertile collections were incorporated into the collection of the SPSF. When it was not possible to identify botanical material in the field, the material was collected and observations relevant to the subsequent identification (growth form, size, flower color, aroma of the fruit and the presence of exudates) were recorded.
Data Analysis
The classification of plant families followed the Angiosperm Phylogeny Group III guidelines (APG III 2009). Plants that would not have occurred naturally in the study area if not intentionally or accidentally introduced were considered exotic species (Moro et al. 2012) . All non-native species were included in the exotic species category, as described by Forzza et al. (2012) and Wanderley et al. (2011) . Native or exotic plants that are common in areas heavily disturbed by human activity were classified as ruderal plants, as defined by Moro et al. (2012) , and were identified by comparison between the floristic list of our study areas and those of the studies conducted by Leitão-Filho et al. (1972) , Gavilanes & D' Angieri-Filho (1991) , Lorenzi (2000) and Carneiro & Irgang (2005) .
In order to evaluate the sampling effort and to compare the four locations, in terms of species richness, we obtained species accumulation curves, with data input in random order. We constructed the curve by resampling with 100 bootstrap replications and 95% confidence intervals, using the software EcoSim 7.0 (Gotelli & Entsminger 2004) and EstimateS (Colwell 2009 ). Because the data comparison involved four locations evaluated under the same sampling design and effort (despite the fact that the Bananal location was 35 m 2 smaller), it was performed in a direct way with the species accumulation curves, comparing the evolution of the curve for the same sample size.
The importance value for the shrubs and small trees was calculated by summing the frequency and relative density, according to the formulas described in Martins (1991) . For herbs, vines, subshrubs and bamboo-like plants, the coverage value replaced the relative density in the calculation of the importance values, as proposed by Müller & Waechter (2001) . For each spreadsheet, the values of importance of each species were converted to percentages to allow comparisons between species and different growth forms. The Shannon diversity index (Pielou 1969) was calculated according to Müller & Waechter (2001) , considering the frequency of species, because that was the phytosociological parameter obtained for the growth forms by evaluating cover or abundance.
Rare species were defined as those registered with a value of one in the vegetation total (for bamboo-like plants, herbs, subshrubs and vines) or with one individual sampled per species (for shrubs and small trees) at each location.
Results
In the floristic survey of the resident community of the understory in the four stretches of Araucaria forest evaluated, we recorded 266 species, belonging to 136 genera and 65 families. Of those 266 species, 39 were ferns and lycophyta, whereas 227 were angiosperms. The growth habits and records of the core material are available in the supplementary material and in Polisel et al. (in press) . A total of 62 species (23.3%) were not identified down to the species level, 28 being identified down to the family level (mostly sterile Poaceae) and 29 being identified down to the genus level. The five remaining morphospecies were indeterminate plants corresponding to sterile material collected during the phytosociological study.
Considering only the records of the phytosociological inventory, we sampled 237 species (Fig. 3 , Tab. 2 and 3): 93 in Bananal; 88 in Campos do Jordão; 69 in Barra do Chapéu; and 48 in Itaberá. By analyzing the species accumulation curves, we found that species richness was greatest at the Bananal and Campos do Jordão locations, followed by the Barra do Chapéu and Itaberá locations (Fig. 3) , and that the degree of similarity was highest between the Bananal and Campos do Jordão locations. Although the Shannon diversity index showed that the hierarchical relationships were similar among the locations, the level of diversity was highest at the Campos do Jordão location (Tab. 4).
Each location had distinct floristic composition: there were only two species that were recorded in all areas (the ruderal herb Anemia phyllitidis and one indeterminate vine); and only a few species (n = 11) were recorded in three of the four locations. Among these widely distributed species, only the herbs Ichnanthus pallens and Borreria palustris and the shrubs Psychotria vellosiana and Brunfelsia pauciflora were among the top five species, in terms of the importance value, in the communities in which they were observed (Tab. 2 and 3). The floristic and structural differences among locations were also reflected in the proportional representation of rare species, which was lowest at the locations with the highest species richness (Tab. 4).
Among the 237 species recorded in the phytosociological inventory, three are exotic and were recorded at two locations (Tab. 2 and 3): the herb Impatiens walleriana, recorded in Bananal; the vine Podranea ricasoliana, recorded in Campos do Jordão; and the subshrub Cestrum nocturnum, also recorded in Campos do Jordão. Ruderal species accounted for 23 of the species recorded at all of the locations combined, and most of those 23 species were recorded in Campos do Jordão and Bananal (Tab. 4). The ruderal herb Anemia phyllitidis was recorded at all four locations, whereas the herbs Emilia sagittata and Tripogandra diuretica were recorded at three of the four locations, the exception being Itaberá (Tab. 2 and 3).
The number of ruderal species was highest (n = 17) in Campos do Jordão: two were shrubs (accounting for 4.7% of the total importance value); 11 were herbs (accounting for 11.9% of the total importance value); two were subshrubs (accounting for 1.8% of the total importance value); and two were vines (accounting for 0.4% of the total importance value). In Barra do Chapéu, the ruderal species (proportion of the total importance value) were one shrub (5.0%), four herbs (12.5%) and one vine (0.3%), compared with two shrubs (1.5%), nine herbs (3.8%), two subshrubs (0.6%) and one vine (0.6%) in Bananal. In Itaberá, the understory community presented indications that the area was more preserved; there were only two ruderal species (both of which were herbs, together accounting for 2.8% of the total importance value).
Discussion
Few studies have described the resident community in the understory of forests in Brazil. Those that have done so have used a variety of methods tailored to specific objectives, as well as including various growth forms in their samples. This study is innovative in describing the community structure of the understory of mixed rain forest in southeastern Brazil, using the same sampling protocol at all of the locations evaluated. The scarcity of data in the literature on the forest understory is even greater for the shrub layer than for the herb layer, because it is common to perform a joint analysis of the floristic composition of the "tree-shrub" community, which includes, in addition to shrubs, the transient community of juvenile individuals of canopy species and adult trees of the upper strata. In some studies, juvenile individuals of tree species have been classified as shrubs (Ribeiro et al. 2013) .
The first question addressed in the present study refers to the relative contribution of each growth form to the richness and diversity of understory species in Araucaria forests. Considering the importance value of each growth form at the various locations, the differences were striking: bamboo-like plants, herbs, subshrubs and vines, collectively, had the highest importance values, ranging from 65.1% (in Barra do Chapéu) to 74.6% (in Itaberá). Analyzed jointly, shrubs and small trees showed importance values ranging from 25.4% (in Itaberá) to 34.9% (in Barra do Chapéu). It is of note, however, that a species considered a shrub at a CJ -Campos do Jordão (protected area); BC -Barra do Chapéu (private property); BA -Bananal (protected area); IT -Itaberá (protected area). *Ruderal species; **Morphotype undetermined due to a lack of fertile material; ***Exotic species. given location could be classified as a different growth form at another location. That was the case for Psychotria vellosiana (Rubiaceae), which occurred in Bananal as a small shrub, with the highest importance value in the community, whereas it has been described as a tree of up to 10 m in height in the municipality of Camanducaia, in the Serra da Mantiqueira mountain range (RB Torres, personal communication). In the Phanerogamic Flora of the State of São Paulo (Taylor 2007 ), the species was described as an herb, shrub or subshrub of 3-6 m in height. This same plasticity was observed for Cabralea canjerana, the ecotype of which was sampled as a shrub in the present study (J.A. Pastore, pers. comm.) , whereas it is usually described as a tree (Pastore 2003) . Another example is Griselinia ruscifolia, which was sampled as a small tree in the present study, whereas it was described as a vine (scandent shrub) or shrub by Lorenzi & Souza (2005) .
The most important families, in terms of the number of species in the understory of Araucaria forests in the state of São Paulo, were Poaceae, Asteraceae and Rubiaceae. Poaceae were also important in previous phytosociological studies of dense rain forest in southern Brazil, although the dominant species varied depending on the site studied (Palma et al. 2008; . Regarding the family Rubiaceae, the density of individuals of the genus Psychotria was notable in some sections of the areas sampled in Bananal and Itaberá, composing virtually monodominant communities in the understory, as was the case for Psychotria vellosiana in secondary vegetation in Bananal. Studies have demonstrated the intense propagation of Psychotria species, and the presence of clones might explain its aggregate distribution, given that species of this genus exhibit slow growth and a low seed germination rate (Almeida & Alves 2000; Coelho & Barros 2004; Nery 2010) .
Vines were mainly represented by the families Apocynaceae, Asteraceae, Bignoniaceae, Sapindaceae and Rubiaceae. Bignoniaceae has been reported to be highly abundant in rain forests and deciduous forests (Kim 1996) . At each of three of the four locations evaluated in the present study, we recorded three species of Bignoniaceae, the exception being the Bananal location, at which we recorded only one. Sapindaceae was absent or showed lower species richness in places where the climate is mild (Campos do Jordão, Bananal and Barra do Chapéu), being well represented only in Itaberá, where the climate is more seasonal. Asteraceae showed the opposite trend, with species recorded only in Campos do Jordão and Barra do Chapéu. The focus of Asteraceae diversity is in the dense rain forests and upland grasslands of southern and southeastern Brazil, the family presenting higher affinity for the lower average monthly temperatures typical of mountainous environments (Kim 1996; Villagra & Romaniuc-Neto 2010) . Therefore, climatic conditions are important factors for the floristic differentiation of vines at the scale analyzed. The influence of seasonality on the distribution of vine species was also noted in the analysis of importance value at the locations compared. Of the total importance value, vines accounted for 29.6% in Itaberá, 22.5% in Barra do Chapéu, 12.2% in Campos do Jordão and only 9.8% in Bananal. Therefore, species with the vine growth habit were more common at the location with a more seasonal climate (Itaberá), which can be attributed to their ecological characteristics. Due to the anatomical, ecological and physiological advantages that vines enjoy, at the expense of tree species in regeneration, the recruitment of vines in the forest understory is directly proportional to the seasonality of the local climate (Benítez-Malvido & Martínez-Ramos 2003; Schnitzer 2005) .
The major contribution of vines to the community structure of the understory in Itaberá is related to the greater abundance of deciduous trees in the canopy at that location (Ribeiro et al. 2013) , which results in different conditions of light within the forest, a true environmental mosaic not only for tree regeneration but also for the resident community of the understory (Souza et al. 2010; . Given these apparent advantages, Villagra & Romaniuc-Neto (2010) showed that even a small vegetation fragment, such as that evaluated in Itaberá, can harbor the same vine species richness as do large areas of contiguous forest. Therefore, the fragmented landscape is a factor that stimulates the presence of vines, not only at the edges, as described by different authors (Hora & Soares 2002; Benítez-Malvido & Martínez-Ramos 2003) , but also in the forest interior. The fragment of Araucaria forest in Itaberá also features an extensive edge effect, with an abundance of bamboo-like plants, largely on the perimeter, where the study area borders agricultural land.
In Campos do Jordão, the canopy, which is composed of broadleaf species, is lower and the conditions at the bottom of the valley, in terms of the relative humidity and soil water content, remain constant year round, making it unfavorable for the establishment of vines but quite favorable for many fern species (Prado 1997) , which in fact contributed to the high percentage of ground cover at that location. The forest Poaceae (10) Rubiaceae (9) Rubiaceae (11) Rubiaceae (6) Piperaceae (6) Poaceae (8) Asteraceae (11) Poaceae (5) Solanaceae (6) Asteraceae (8) Poaceae (6) Sapindaceae (5) Sapindaceae (5) Solanaceae (7) Melastomataceae (6) Piperaceae (3) Asteraceae (5) Polypodiaceae (7) Sapindaceae (5) Bignoniaceae (3) Genus (n of species) Leandra (5) Asplenium (4) Leandra (5) Psychotria (4)
Heteropteris ( fragment evaluated in Campos do Jordão presented more than three times the proportional cover found in Bananal, where the climate is also characterized by the absence of seasonality and low temperatures but whose forest is on a steep slope with shallow soil. The ground cover values for Barra do Chapéu, which were also influenced by the presence of ferns, were intermediate between those observed for Campos do Jordão and Bananal. Ground cover values were lowest for Itaberá, where the climate is more seasonal. One objective of our study was to look for possible indicators of the degree of conservation of the resident community of the understory. The presence of exotic and ruderal species, per se, is an indicator of disturbance caused by human activity. However, the situation worsens when these species come to occupy a prominent place in the community. Among the locations compared, Campos do Jordão should have been the most conserved, being situated in a fully protected area full in the region with the largest number of remnants of Araucaria forest in the state of São Paulo. However, the presence of cattle was observed in the area, which contributed to the occurrence of ruderal species with high importance values in the understory community, which is an indicator of degradation not detected in the analysis of the tree component at the same location Ribeiro et al. 2013) . Although ruderal species were also observed in great numbers, with high importance values, in the approximately 60-year-old stretch of secondary vegetation in Bananal, the values were not as high as those observed for the more than 100-year-old stretch of forest in regeneration in Barra do Chapéu. In Itaberá, where there was no evidence of timber extraction or cattle grazing, ruderal species showed lower richness and importance values. There, the edge effect and the presence of natural gaps contributed to the abundance of bamboo-like plants.
